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Abstract Thermogravimetry (TG) and Differential
Thermal Analysis (DTA) techniques coupled with mass
spectrometry were applied to evaluate the chemical sta-
bility of BaCeO3-d-based materials in the CO2- and H2O-
rich atmosphere. The different groups of materials were
investigated: solid solutions of BaCeO3–BaTiO3 and
BaCeO3–BaSnO3 acceptor doped by Y or In and composite
materials with nominal composition (1-x)BaCe0.9Y0.1O3-
d-xYPO4. To evaluate the chemical stability towards car-
bon dioxide and water vapour samples were exposed to
atmosphere containing CO2/H2O (7 % of CO2 in air,
100 % RH) at temperature of 25 C for 350 h. Thermal
analysis (TG/DTA) was applied to analyse the materials
before and after the test. To support the interpretation of
TG/DTA results, the analysis of gaseous products evoluted
during thermal treatment of the samples was provided
using mass spectrometer. This combined analysis clearly
shows that during the exposition test, the conversion of
barium cerate to barium carbonate and barium hydroxide
occurs. The amount of BaCO3 and the degree of BaCeO3-d
conversion depend on the type of barium cerate modifica-
tion. The mass loss observed after the exposition test can
be treated as a measure of chemical instability of BaCeO3-
d-based materials. The correlation of chemical stability,
described by the mass loss, on Goldschmidt tolerance
factor, describing the deviation from ideal perovskite
structure, was found in most of the materials investigated.
However, the influence of the microstructure and the
modification the grain boundaries on the chemical stability
of BaCeO3-d-based materials cannot be neglected.
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Introduction
One of the greatest disadvantages of proton conductors
based on BaCeO3-d is poor chemical stability especially in
atmospheres containing CO2 and H2O. Despite the high-
protonic conductivity, unacceptably low-chemical stability
resulting in decreasing the mechanical durability limits
possible applications of these materials. The reason of poor
chemical stability of BaCeO3-d-based materials is possi-
bility of barium cerate reaction with CO2 and H2O result-
ing the formation of secondary BaCO3 (or Ba(OH)2) and
cerium oxide according to the reactions [1, 2]
BaCeO3 þ CO2 ! BaCO3 þ CeO2 ð1Þ
BaCeO3 þ H2O ! Ba OHð Þ2 + CeO2 ð2Þ
The chemical stability of BaCeO3-d-based materials can
be discussed, depending on the temperature range, on the
level of working (generally 400–800 C) or storage (room
temperature) conditions. Studies presented in the literature
are mainly focused on high-temperature corrosion which
occurs where materials are used. In order to verify the
stability towards CO2, samples are exposed to CO2-con-
taining atmosphere in the relatively high-temperature
(600–800 C) for a long period of time (up to 200 h) [3–9],
which simulates the working conditions of electrochemical
devices built from these materials. The XRD analysis of
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materials after such tests clearly shows the presence of
barium carbonate which indicates that during the exposi-
tion of BaCeO3-d -based materials to the CO2-rich atmo-
spheres the reaction (1) occurs. To evaluate the stability of
BaCeO3-d-based materials towards CO2, the thermo-
gravimetry (TG) can be also applied. Increase of the mass
observed during heating of the samples in the carbon
dioxide atmosphere corresponds to CO2 absorption which
leads to production of the secondary barium carbonate [1, 4].
On the other hand, the mass loss observed while the sam-
ples after the exposition on CO2 are heated is connected
with the decomposition of secondary barium carbonate
formed [1]. To evaluate the stability of BaCeO3-d-based
materials towards H2O, boiling the samples in the water is
usually performed [4, 5, 10]. The presence of Ba(OH)2 in
the samples after the test is the confirmation that during the
test, the reaction (2) takes place. Thus, the amount of
BaCO3 or Ba(OH)2 in the samples after the tests can be
treated as the measure of chemical instability of BaCeO3-
d-based materials towards CO2- or H2O-containing
atmospheres.
The modifications of materials based on perovskite-type
structure of BaCeO3-d are focused on increasing the
chemical stability with maintaining relatively high-ionic
conductivity. These modifications are usually based on
introduction of acceptor dopant M3? (like — Y3?, In3?,
Yb3? or Nd3?) into the barium cerate [11–16], which
indirectly leads to the increase of the concentration of
protonic defects in the water-/hydrogen-rich atmosphere
according to the reactions
M2O3 þ 2BaO ! 2BaBa þ 2M0Ce þ VO þ 5OO ð3Þ
H2OðgÞ þ VO þ OxO ! 2OHO ð4Þ
Unfortunately, in most cases, the decrease of chemical
stability is observed for materials modified by acceptor
doping.
Based on thermodynamic data, it can be stated that BaTiO3,
BaZrO3 or BaSnO3 exhibit much higher chemical stability
towards CO2 than barium cerate. The incorporation of zirco-
nium or titanium into the BaCeO3-d lattice and formation of
solid solutions BaCe1-xMxO3-d (M = Zr, Ti) seem to be the
natural way to enhance chemical stability [1, 17–19]. In such
cases, the decrease of electrical conductivity is observed.
Currently, the optimal compositions were recognized, where
the amounts of both types of dopants are the compromise
between the stability and the electrical conductivity. Com-
monly, the BaCe0.7Zr0.2Y0.1O3-d is considered to be the best
material for construction of different electrochemical devi-
ces [1]. Some experiments showed that BaCe0.7 Zr0.2Y0.1-
O3-d may still have unsatisfactory stability, and the latest
BaCeO3–d-based materials proceed to zirconium richer
compositions [20].
The influence of dopants used on chemical stability can
be discussed taking into account the modification of crys-
tallographic structure, where the ionic radius of host and
dopant atoms are the crucial parameters. The detailed
discussion using the Goldschmidt tolerance factor, which
describes the departure from ideal cubic structure, and its
dependence on the ionic radius of dopants used will be
presented in Results part.
In this work, the dopants used were selected based on the
dependence of chemical stability on the structure. An
yttrium and indium were chosen as the acceptor dopants as
the ionic radii of Ce4? (0.087 nm) is slightly smaller than
for Y3? (0.090 nm) and slightly greater than for In3?
(0.080 nm) [21]. Titanium and tin were used as possible
alternative to Zr dopant, which was widely described in the
literature. Additionally, we have tested composite materials
which is the completely different approach towards
improved stability and electrical conductivity. The proper-
ties of composite materials with nominal composition of
(1-x)BaCe(Y)O3-d -xYPO4 (x = 0.05–0.2) system were
tested and compared with the single-phase-doped materials.
The main purpose of this work was to evaluate the
functionality of the DTA-TG-MS method for determination
of chemical stability of BaCeO3-d-based protonic con-
ductors towards CO2 and H2O vapours. In this work, the
materials after low-temperature corrosion tests (simulating
storage conditions) were measured in order to complement
the literature data concerning materials mostly after high-
temperature corrosion tests which correspond to working
conditions of materials.
Experimental and sample preparation
Four groups of materials were synthesized:
• solid solutions of BaCeO3–BaTiO3 and BaCeO3–BaS-
nO3 with nominal composition: BaCe1-xTixO3-d
(x = 0.05–0.3) and BaCe1-xSnxO3-d (x = 0.01–0.2)
• solid solutions of BaCeO3–BaTiO3 and BaCeO3–BaS-
nO3 with acceptor dopants, nominal composition:
Ba(Ce1-xSnx)InyO3-d (x = 0.05, y = 0.01–0.2) and
Ba(Ce1-xTix)YyO3-d (x = 0.05, y = 0.05–0.2).
• composite materials with nominal composition (1-x)
BaCe0.9Y0.1O3-d -xYPO4 (x = 0.05–0.2)
• BaCeO3-d and BaCe0.9Y0.1O3-d as a reference
samples.
All materials were prepared by solid state reaction
method. The required amounts of high-purity substrates,
supplied by Aldrich Chemical Company Inc.: barium car-
bonate BaCO3 (99 ? % A.C.S. reagent), cerium(IV) oxide
CeO2 (99.9 %), diammonium hydrogen phosphate (NH4)2-
HPO4 (98 ? % A.C.S. reagent), anatase TiO2 (99.7 %) and
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tin(IV) oxide SnO2 (99.9 %) powders, Y(NO3)36H2O
(99.8 %) and In(NO3)3xH2O (99.9 %) (used as water solu-
tions with concentrations 0.28 and 0.15 M, respectively),
were used to prepare the materials. After mixing the starting
powders and the impregnation by solution of yttrium or
indium nitrate, the materials were dried at 80 C for 12 h and
then crushed in the agate mortar. Obtained powders were
formed in the pallet die and calcinated at 1,200 C for 24 h.
The detailed parameters of calcinations were established
based on TG/DTA results (SDT 2960 TA Instruments, mass
about 50 mg, heating rate 10 C min-1, synthetic air atmo-
sphere, platinum crucibles) supported by mass spectrometry
MS analysis of the gaseous products (QMD 300 ThermoStar
Balzers) and by XRD analysis (Philips X’Pert with CuKa
radiation) of obtained products. Received materials were
crushed and milled in the absolute alcohol suspension with
ZrO2-grinding media (/ = 5 mm, suppl.: Tosoh, Japan).
After drying powders were formed in a pellet die, isostati-
cally pressed (250 MPa) and sintered at 1,600 C for 3 h in
air atmosphere. All obtained materials were stored in desic-
cator to avoid any secondary reactions, especially with CO2
and H2O vapours.
Based on TG/DTA measurements, MS and XRD results,
the general reactions of formation of BaCeO3-d -based
materials can be described according to chemical reactions
given below.
In the case of yttrium-dope
BaCO3 þ 1  yð ÞCeO2 þ yY NO3ð Þ3
! BaCe1yYyO3 þ CO2 þ 3yNO þ 2yO2 ð5Þ
The formation of solid solution of barium cerium–tita-
nium oxide and barium cerium–tin oxide
BaCO3 þ 1  xð ÞCeO2 þ xTi or Snð ÞO2
! BaCe1xTi or Snð ÞxO3 þ CO2 ð6Þ
The formation of yttrium-doped barium cerium–tita-
nium oxide
BaCO3 þ ð1  xÞ 1  yð ÞCeO2 þ x 1  yð ÞTiO2 þ yY NO3ð Þ3
! Ba Ce1xTixð Þ1yYyO3 + CO2 + 3yNO þ 2yO2BaCO3
þ 1  xð ÞCeO2 þ xTi or Snð ÞO2 ! BaCe1xTi or Snð ÞxO3 þ CO2
ð7Þ
The reaction of indium-doped barium cerium–tin oxide
(Ba(Ce1-xSnx)1-yInyO3-d) formation can be written ana-
logically to Eq. (7).
The synthesis of composite materials can be simplified
by the reaction:
BaCO3 þ a 1xð Þ + bð ÞCeO2 + axY NO3ð Þ3
þ 1=3 2 2að Þ NH4ð Þ2HPO4 ! aBaCe1xYxO3
þ 1=3 1 að ÞBa3 PO4ð Þ2 + bCeO2 + CO2
þ 1 að ÞH2O + 3axNO + 1=3 4 4að ÞNH3 + 2axO2
ð8Þ
where a and b correspond to the amount of Ba3(PO4)2 and
CeO2 phases formed.
Equations (5–8) written above do not describe the
mechanism of the reactions but only follow the stoichi-
ometry and the phase composition of obtained materials,
according to the XRD data, as discussed below.
Thermogravimetry, differential thermal analysis (DTA)
and mass spectrometry (MS) were applied for evaluation of
stability of BaCeO3-d-based materials in the presence of
CO2 and H2O. All samples were exposed to the atmosphere
containing CO2 and H2O (7 % of CO2 in air, 100 % RH) at
25 C for two weeks (about 350 h). After this exposition,
test samples of mass about 50 mg were heated in the
platinum crucible with the rate of 10 deg min-1 in syn-
thetic air atmosphere with flow rate 6 dm3 h-1. The qua-
druple mass spectrometer QMD 300 ThermoStar (Balzers)
operated with an electron impact ionizer (70 eV) connected
on-line with SDT apparatus by the heated (up to 200 C)
quartz capillary was applied to support the interpretation of
the thermal decomposition results of the samples before
and after the exposition test. The amount of CO2 evolved
during this measurement and the mass loss were treated
directly in this comparative test as a measure of the
chemical instability of the materials tested.
To determine the phase composition and crystallo-
graphic structure of obtained materials, X-ray diffraction
XRD (Philips X’Pert with CuKa radiation) technique was
applied. The microstructure observations were performed
using scanning electron microscope SEM (Nova Nano
SEM 200 FEI & Oxford Instruments).
Results and discussion
Phase composition, structure and microstructure
Figure 1 shows the comparison of representative XRD data
obtained for different groups of materials investigated in
this work. Based on the XRD results [22], it can be stated
that in the case of BaCeO3-d materials, the orthorhombic
structure (Pmcn) changes to more symmetrical structures
(tetragonal and trigonal) when the Ti is introduced into the
lattice up to x = 0.2. In the case of Ti (x = 0.05)- and Y
(0 B y B 0.2)-doped materials, the single perovskite
(Pnma) phase was found for all compositions. The intro-
duction of smaller amounts (x = 0.01–0.10) of Sn into the
BaCe1-xSnxO3-d lattice leads to the materials crystallizing
in orthorhombic structure (Imma), while for higher con-
centrations, the trigonal (R-3c) phase was found. In the
case of Sn (x = 0.05) and In (0 B y B 0.2) doped mate-
rials, only orthorhombic (Imma) structure was detected.
More detailed studies concerning the influence of Sn and In
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dopants on crystallographic structure of Ba(Ce1-xSnx)1-y-
InyO3-d materials are under the way; the results will be
published later.
Completely different situation is observed in the case of
composite materials with the nominal formula of (1-x)
BaCe1-yYyO3-d-xY(PO4)3. Depending on the used amount
of the modifying phosphate, the BaCe0.9Y0.1O3-d material
was obtained with possible glassy phase with undefined
composition and with some traces of CeO2 (for x = 0.05). In
the case of higher amounts of phosphates used
(0.1 B x B 0.2), additional Ba3(PO4)2 phase was found,
according to the reaction (8). Irrespectively of the phosphate
formed (Ba or Y), the multi-phase composite material was
obtained with improved chemical stability, as shown below.
Figure 2 shows the example SEM images of fractured
BaCeO3-d sample. In the case of undoped BaCeO3-d, the
dense material with average grain size of several lm can be
observed. The introduction of yttrium dopant does not led
to significant changes in microstructure, only smaller grain
size can be observed. Figure 3 shows the SEM images of
fractured BaCeO3-d samples modified with Ti and Sn.
Introduction of Ti leads to the lower porosity comparing to
the Sn dopant. In case of titanium, no dependence on Ti
concentration can be observed; while in the case of tin
doping, the increase of Sn concentration leads to the
increase of porosity and decrease of the average grain size.
In the case of composite materials, the microstructure
similar to undoped material can be observed. The smaller
grains are present, caused by Y doping. Also, the grains of
second phase Ba3(PO4)2 can be recognized.
The described influence of dopants on crystallographic
structure and microstructure is essential in interpretation of
the chemical stability of investigated materials. Namely,
the Goldschmidt tolerance factor describing the stability of
the perovskite structure and the porosity will be used
during discussion of chemical stability results presented
below.
Chemical stability
Materials for application in electrochemical devices such as
fuel cells or high-temperature membranes must exhibit stable




















Fig. 1 XRD results of representative samples of BaCeO3-d -based
materials
Fig. 2 SEM microphotograph
of BaCeO3-d samples after
sintering (1,600 C, 3 h, air).
Magnification 95000 (a),
910000 (b)
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properties in atmospheres containing CO2, water vapour and
hydrocarbons. The modifications of BaCeO3-d material by Ti,
Sn, Y, In and by formation of composite materials with
phosphates presented in this work were done to improve the
chemical stability and increase the electrical conductivity. In
order to determine quantitatively the influence of used mod-
ifications of BaCeO3-d on chemical stability in the presence of
CO2 and H2O vapour, the comparative test based on DTA-TG
coupled with MS measurements was employed. The DTA-
TG-MS techniques were found to be a useful tool for such
purposes [1, 8, 23].
All prepared samples under the test were exposed to the
atmospheres containing CO2 and H2O vapour for the same
period of time, to allow quantitative comparison of the do-
pants used on chemical stability. The amount of barium
carbonate and barium hydroxide formed during the exposi-
tion can be directly determined from the mass loss observed
on TG curves of the samples. Thus, this mass loss is strictly
correlated with the chemical instability of the materials. The
details of the test procedure are given in experimental part.
Figure 4 shows TG/MS results for BaCeO3-d before and
after the exposition tests. For the material before the
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exposition, only insignificant mass loss around 0.05 % (in
the temperature below 200 C) caused by the liberation of
water absorbed on the surface of material is observed
(Fig. 4a). The TG curve for BaCeO3-d after the exposition
test shows gradual mass loss in the entire temperature
range, leading to the total mass loss of 0.9 % at 1,100 C
(Fig. 4b). The TG/DTA curves and ion current lines sug-
gest three steps of the decomposition of secondary products
formed during the exposition test. The first one, for the
temperatures below 200 C, is the release of water. The
low temperature of the process suggests dehydration of
material and liberation of the water absorbed on the surface
and in the pores of sintered BaCeO3-d. The next step in the
temperature range 400–600 C can be attributed to the
decomposition of barium hydroxide Ba(OH)2 or destruc-
tion of protonic defects in dry air atmosphere, as reported
in literature [24, 25]. According to the literature, the
decomposition temperature of pure Ba(OH)2 is about
410 C [24]. The last step in the temperatures above
800 C can be described as decomposition of secondary
BaCO3 formed during the exposition test. As it is reported
in the literature, the temperature of decomposition of
BaCO3 is above 900 C however strongly depends on the
decomposition atmosphere [26].
Figure 5 shows the representative TG results for
BaCe0.9Y0.1O3-d, BaCe0.95Ti0.05O3-d, Ba(Ce0.95Ti0.05)0.8-
Y0.2O3-d, BaCe0.95Sn0.05O3-d, Ba(Ce0.95Sn0.05)0.8In0.2O3-
d and composite material with nominal composition
0.95BaCe0.9Y0.1O3-d -0.05YPO4 before the exposition test.
Figure 6 shows TG results for the samples with the same
compositions, but after the exposition test. Analogical
measurements were performed for all prepared samples.
According to the data presented in Fig. 5, the mass loss
of all materials before the exposition test is very low,
















































0 200 400 600 800 1000
Temperature/°C





















(a) (b)Fig. 4 TG/DTA/MS results for
BaCeO3-d before (a) and after


























Fig. 5 TG curves of representative sinter samples of BaCeO3-d
-based materials before exposition test




























Fig. 6 TG curves of representative sinter samples of BaCeO3-d -
based materials after exposition test (7 % of CO2 in air, 100 % RH,
350 h, 25 C)
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in desiccator before the exposition test, are almost free
from any secondary barium carbonate or hydroxide. In the
case of acceptor-doped samples (samples 4, 5, 6), the mass
loss is caused mostly by the liberation of water molecules
in the temperature range 400–600 (750) C, which can be
attributed to the destruction of protonic defects. Acceptor-
doped materials exhibit much higher concentration of such
defects than undoped materials, according to the Eq. (3)
describing the formation of protonic defects. The rest of the
samples exhibit smaller mass loss, not [0.15 %.
After the exposition test, samples are divided into two
apparent groups, as shown in Fig. 6. The reference samples
BaCeO3-d and BaCe0.9Y0.1O3-d exhibit noticeable higher
mass loss (0.8–1.2 %) comparing to the modified samples
(by Ti or Sn or composite) where the total mass loss is not
higher than 0.4 %. Again, acceptor-doped sample
(BaCe0.9Y0.1O3-d) shows higher mass loss, comparing to
undoped one (BaCeO3-d), especially at higher tempera-
tures. Presented results indicate that doping by isovalent
dopant (Ti, Sn) leads to the improvement of chemical
stability, especially in the presence of CO2. It is in agree-
ment with the results reported previously [8, 27, 28], where
the correlation between the crystallographic structure
(symmetry) and chemical stability was shown.
In case of composite materials, the improvement of
chemical stability can be also noticed. In this case, the
modification of grain boundaries by the presence of the
additional phase may be postulated, thus blocking the
possible ways of deterioration process.
The detailed discussion of presented results may be
extended based on the analysis of Goldschmidt tolerance






p ðrB + rOÞ
where rA, rB and rO describe the ionic radii of A, B and O
ions in ABO3 perovskite structure, respectively.
According to the literature data [27, 28], generally the
higher Goldschmidt tolerance factor, the better chemical
stability of material is expected. In order to discuss the
influence of used dopants on the chemical stability, the
Goldschmidt tolerance factors were calculated using the
ionic radii (Table 1), taking into calculations the weighted
averages of host and guest ion radius [21, 29].
Figure 7 shows the dependence of measured mass loss
on the calculated Goldschmidt tolerance factors for all
investigated samples. Taking into account that mass loss
can be treated directly as a measure of chemical instability
and the Goldschmidt tolerance factor describes the crys-
tallographic structure, the influence of used modifications
can be easily discussed. As can be seen, in the case of Ti-
doped materials (Fig. 7a), the expected improvement of
chemical stability was achieved by Ti doping, comparing
to undoped material. Surprisingly, the higher concentration
of Ti the worse stability of material was found. Such
unexpected inverse dependence of mass loss versus
Goldschmidt tolerance factor, S, cannot be directly clari-
fied. The possible explanation should probably involve the
influence of Ti concentration on the grain boundary
properties.
In the case of yttrium-doped BaCeO3-d (for 5 % Ti), the
observed dependence of mass loss versus S is as expected,
the higher concentration of yttrium, the lower S and the
higher mass loss (worse stability), as shown in Fig. 7b.
Only for the highest concentration of Y tested (20 %), the
unexpected higher stability was observed. The possible
explanation can involve the yttrium content higher than
solubility limit reported in the literature (10 % of yttrium in
BaCeO3-d) [25].
Doping by tin leads to the improvement of chemical
stability, the higher concentration of tin the lower mass loss
is observed, as expected (Fig. 7c). Taking into account the
influence of tin concentration on microstructure, as shown
in Fig. 3, it can be stated that the modification of micro-
structure by tin does not affect the chemical stability.
In the case of doping by indium (for 5 % of Sn), the
observed dependence of mass loss on Goldschmidt toler-
ance factor is in disagreement with expected one; the
higher S, the worse chemical stability (Fig. 7d). This
observation can be explained taking into account higher
concentration of oxygen vacancies formed according to the
reaction (3) due to increasing concentration of acceptor
dopant. Thus, the mechanism of formation of secondary
barium carbonate must involve the role of oxygen vacan-
cies and higher diffusivities of ions in acceptor-doped
materials comparing to undoped one. The role of structure
symmetry has the minor impact in such cases.
Generally, based on the presented results concerning
chemical stability of BaCeO3-d-based materials, it can be
stated that the analysis of the influence of different dopants
on structure symmetry described by Goldschmidt tolerance
factor is not sufficient. The role of defect chemistry mod-
ification, the role of grain boundaries and microstructure
Table 1 Ionic radii of ions used to calculate Goldschmidt tolerance
factors for BaCeO3-d -based materials [21, 29]
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must be taken into account, especially in the cases when
the changes of Goldschmidt tolerance factor caused by
doping are relatively low.
Conclusions
In this work, the results concerning the chemical stability of
barium cerium oxide-based materials tested using DTA and
TG techniques were presented. Also, the structural and
microstructural properties of these materials were studied, in
order to assist the interpretation of chemical stability results.
Different groups of materials based on BaCeO3-d were
synthesized and investigated. The phase composition,
crystallographic structure, microstructure, and the chemical
stability in the presence of CO2 and H2O, were determined
as a function of chemical composition of synthesized
materials. The correlation of chemical stability on Golds-
chmidt tolerance factor, describing the deviation from ideal
perovskite structure, was found in most of the materials
investigated. Additionally, the role of defect chemistry
modification and microstructure must be taken into account
when explaining the influence of used modifications on
chemical stability of materials.
It was found that DTA-TG technique is the especially an
useful tool to compare the chemical stability of different
materials. The mass loss can be treated directly as a mea-
sure of chemical instability of materials under the condition
that all materials were exposed to the same corroding
conditions (the same gas atmosphere and time). The cor-
rosion tests conditions applied in this work (350 h at room
temperature in CO2 7 % and H2O 100 % RH) were found
to be well optimized for the group of materials tested.
Namely, the mass loss was high enough to be measured
using the TG technique, from the other hand, the secondary
corrosion reaction was not complete (not the whole mate-
rial was converted into secondary carbonates or hydrox-
ides), thus the saturation of signal was not observed.
The DTA-TG technique was found useful for our test not
only from the point of view of determination of mass loss as a
direct measure of chemical instability, but also from the point
view of interpretation of corrosion mechanism. Each mass
loss clearly seen on TG curve correlated with the endothermic
effects of DTA curve can be assigned, depending on the
temperate, to the dehydration of the materials, decomposition
of the secondary formed Ba(OH)2, destruction of protonic
defects or finally the decomposition of BaCO3 formed as the
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Fig. 7 Mass loss after the exposition test as a function of Goldschmidt
tolerance factor calculated for BaCe1-xTixO3-d (x = 0.05–0.3) (a),
Ba(Ce1-xTix)YyO3-d (x = 0.05, y = 0.05–0.2) (b), BaCe1-xSnxO3-d
(x = 0.01–0.2) (c) and Ba(Ce1-xSnx)InyO3-d (x = 0.05, y = 0.01–0.2)
(d) samples
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Obtained results can be also useful for determination of
the optimal composition of intermediate temperature
ceramic protonic conductor suitable for potential future
applications.
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